The present work provides one more evidence of that the solar neutrino problem has an elegant solution based on the hypothesis about the existence of a new, semi-weak, interaction. The analysis of the deuteron disintegration by neutral currents of solar neutrinos, generated by both the electroweak and semi-weak interactions, is fulfilled. A good agreement between the theoretical and experimental results for this process is obtained, which is in harmony with the conclusions of the first part of the work on the other four observed processes with solar neutrinos.
Introduction
In the work [1] , we have substantiated that the discrepancy between the predictions of the standard solar model for the rates of a number of processes caused by solar neutrinos and the results of the appropriate experiments testify for the existence of a new interaction, named by us semi-weak. We have demonstrated that the new interaction hypothesis, having only one free parameter, provides a good agreement between the theoretical and experimental characteristics of four out of the five observed processes with solar neutrinos: 37 Cl → 37 Ar, 71 Ga → 71 Ge, ν e e − → ν e e − , and ν e D → e − pp. The fifth observed process, which is the deuteron disintegration by neutral currents of solar neutrinos, ν e + D → ν e + n + p, has remained not considered in [1] . Its analysis, fulfilled in the paper work, again demonstrates a good agreement between the consequences of the new interaction theory and the experimental results. If in the results of the first four mentioned processes, the consequences of the semi-weak interaction of neutrinos with nucleons only inside the Sun are manifested, then in a result of the fifth named process, the consequences of such an interaction also in the terrestrial installation are manifested.
The semi-weak interaction is mediated by a massless pseudoscalar isoscalar boson ϕ ps . It is inherent at least to the electron neutrino, the proton and the neutron and is described by the following Yukawa Lagrangian
or by a similar Lagrangian with u-and d-quarks instead of proton p and neutron n. At every act of the elastic scattering of an electron neutrino with energy ω 1 on a rest nucleon with mass M caused by interaction (1), the neutrino handedness changes from left to right or vice versa. In the first approximation, we assume that the fluxes of left-and right-handed electron neutrinos at the Earth's surface are approximately equal.
As a result of the elastic νN -scattering, the energy of the final neutrino ω 2 becomes less than the initial one. It can take evenly distributed values in interval
Since the energy of the solar neutrinos is less than about 18.8 MeV, then in the first approximation, we can with sufficient accuracy assume that the total cross section νN -scattering
and, consequently, the number of collisions of neutrinos with the Sun nucleons does not depend on the initial energy ω 1 . The only free parameter of the theory with a new interaction governing its consequences for the observed processes with solar neutrinos is the product of the Yukawa coupling constants from the Lagrangian (1), g νeps g N ps /4π. In [1] , we initially used the effective number n 0 of collisions of solar neutrinos with nucleons, occurring during the motion of neutrinos from the point of its production to the exit from the Sun, as a free parameter instead of the product of the Yukawa coupling constants. Its value n 0 = 11 corresponds to the best agreement. Then, based on this number, the following estimate was obtained
The deuteron disintegration by neutral currents of solar neutrinos is caused by two noninterfering sub-processes, which differ in neutrino handedness either in the initial or in the final state. One sub-process, with the participation of only the left-handed neutrinos, is a standard one and is due to the exchange of the Z-boson. Another, unordinary sub-process with the participation both left-and right-handed neutrinos is due to the exchange of the massless pseudoscalar boson. As the postulated boson is isoscalar, its coupling constants with the proton and the neutron are opposite. Therefore, the cross section of the second sub-process is characterized by an additional factor ((M n − M p )/M ) 2 , so that it becomes comparable with the cross section of the first, standard sub-process. It is quite natural that the effective solar neutrino flux corresponding to the total theoretical rate of the deuteron disintegration by the neutral currents, appears to be noticeably larger than the effective flux connected with the deuteron disintegration by the charged current.
At calculating the rate of the process of the deuteron disintegration by neutral current ν e + D → ν e + n + p, and the corresponding effective flux of solar neutrinos, we use the procedures described in detail in the work [1] . We present final results for the effective number of collisions n 0 = 11 and, for comparison, for the number n 0 = 10, as in [1] .
Cross sections, rates and effective fluxes related to the process of the deuteron disintegration by neutral currents of solar neutrinos
Experiments on the deuteron disintegration into a neutron and a proton caused by the neutral current of solar neutrinos are considered crucial for the theoretical interpretations. [5] .
In view of our hypothesis about the existence of the interaction described by Lagrangian (1), the deuteron disintegration into a neutron and a proton is described by two non-interfering sub-processes which differ in neutrino handedness either in the initial or in the final state. The first sub-process caused by left-handed neutrinos is standard, i.e. it is due to the exchange of the Z-boson. We use the tabulated values of the total cross section σ nc(Z) (ω) of this sub-process as function of the energy ω of the incident neutrinos, which are contained in the work [6] . The rate of the sub-process of the deuteron disintegration due to Z-boson exchange V (nc(Z)|B) is calculated according to a formula similar to (8) of the work [1] . This rate translates into effective flux of solar neutrinos with their spectrum from the decay of 8 B, Φ nc(Z) ef f ( 8 B), according to the formula
where ω B i are the energy values of the neutrino from 8 B, which are given in the table of Ref. [7] 
The second sub-process of the deuteron disintegration into a neutron and a proton, caused both left-and right-handed neutrinos, is due to the exchange of the massless pseudoscalar boson. When choosing the method and performing the calculation of the relevant cross section, we take into consideration a number of works on the deuteron disintegration by neutrinos, in particular, the works [6] , [8] - [15] . We do not aspire to the degree of accuracy in the choice of the deuteron model and to the precision of calculation which have been achieved in Ref. [6] , [8] - [10] . We are based on the spherically symmetric np-potential of the type U 0 δ(r) used in Ref. [11] - [14] .
We denote the 4-momenta and their components in the laboratory frame as
We also introduce the 3-momentum of the center of mass P = p 1 + p 2 and the relative 3-momentum of the final nucleons p = (p 1 − p 2 )/2. We describe the deuteron and the final N 1 N 2 -system state vectors by tensor products (1) of the scalar functions of time and coordinates of the nucleons, and (2) of vectors from the spin space, where the latter are represented by the tensor product of two Dirac bispinors. In turn, the above scalar functions are given by the product (1) of the center-of-mass motion wave functions, and (2) of the functions of the distance r between the nucleons, ϕ D (r) and ϕ N 1 N 2 (r). It is accepted that
where p = |p|, γ = √ M B, p cot δ 0 = −1/a s , (a 2 s M ) −1 = 0.0738 MeV. It is easy to make sure of the following known equality
Let us divide the final state phase space of the deuteron disintegration process into such pairs related to the protons and neutrons, so that the pseudoscalar current with interaction (1) be represented in the form
omitting the mass center motion. Since the current (11) as a function of the mass M n vanishes at M n = M p , it is advisable to expand the bilinear formsψ(p c , M n )Oψ(p ′ c , M n ), c = a, b, in a Taylor series in powers of M n − M p . Restricting to the first power and to the approximation that E i = M , we get
The factor 1/ √ 2 in relations (11) and (12) is necessary to avoid double counting of the cross section due to taking each set of the final states in the phase space determined by the energy-momentum conservation. The phase space considering the kinematics of the deuteron disintegration (7) as 2 → 3 process is given by the following formula
We use the nonrelativistic approximation
substitute P and p for p 1 and p 2 in equation (13), and integrate over P, eliminating the delta-function of 3-momenta. We obtain
On the basis of relations (1), (12) and (10), we find the squared modulus of the matrix element |M| 2 for the sub-process of the deuteron disintegration, caused by the massless axial boson exchange between the left-and right-handed neutrinos and nucleons. Substituting it into the formula for the differential cross section
using equality (15) with knowing the relative energy E r = p 2 /M and performing a number of integrations, we obtain
Using the value of the product of the coupling constants of the massless axial boson with the electron neutrino and nucleons given below by equality (4) and the above values of other constants, we find the cross section values for the discussed deuteron disintegration sub-process for several energies of the incident neutrino ω = (2.2 + 0.2j) MeV, j = 1, 2, . . . , 70. A number of these values is shown in table 5. To ensure that the results of calculations of the cross section σ nc(ps) by formula (17) are satisfactory, we have carried out calculations of the cross section σ nc(Z) in an approach similar to that described above, and we have placed the results of them in the columns "Control" of table 5 along with the accurate enough results, taken from [6] . We now are able to calculate the rate of the deuteron disintegration into a neutron and a proton, V (nc(ps)|B), caused by the neutrinos due to the exchange of the massless axial boson with nucleons. Doing it by a formula similar to (8) of the work [1] , where we now put the total flux of left-and right-handed neutrinos Φ( 8 B) in place of the flux of left-handed neutrinos 0.5Φ( 8 B). After this, replacing the rate V (nc(Z)|B) with the rate V (nc(ps)|B) in the equality (5) and keeping for the cross section σ nc(Z) the status of theoretical cross section calculated on the basis of the standard model of electroweak interactions (as in Ref. [6] ), we find the effective solar neutrino flux Φ nc(ps) ef f ( 8 B) which is responsible for the rate of the deuteron disintegration V (nc(ps)|B). We have
and the uncertainty in (18) is only due to the uncertainty in the coupling constant (4). So, the effective flux of solar neutrinos corresponding to the total rate of the two sub-processes of the neutron disintegration by the neutral currents of the solar neutrinos, V (nc(Z)|B)+ V (nc(ps)|B), is equal to 
that is in good agreement with the above-listed experimental results of SNO.
Conclusion
It is justified to think that the range of phenomena potentially involved in the manifestation of the postulated semi-weak interaction will expand with time. In our opinion, it is first of all necessary to pay close attention to setting up an experiment on the deuteron disintegration by neutral currents of the reactor antineutrinos when placing the detector near a reactor. We expect that, due to the additional contribution of the semi-weak interaction, the observed rate of events in this experiment will be greater than the rate calculated on the basis of the standard model of electroweak interactions.
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